INTRODUCTION
Fe-Cr-Co alloys are known to be potentially ductile hard·magnets.
These alloys were designed by following the miscibility gap in the Fe-Cr system into the Fe-Cr-Co ternary system. ( 1 ) The shape of the miscibility gap in the Fe-Cr-Co system is now well established.
The magnetic hardening of the alloys is associated with decomposition within the miscibility gap producing modulated structures, consisting of two phases, an iron-rich phase (a 1 ) and a chromium-rich phase (a 2
).
The features of the decomposition are consistent with those expected from spinodal decomposition of the high temperatur_e phase (a) during aging.
( 1 ), ( 3 ) In order to control the magnetic properties of materials, it is important to characterize and control their microstructures. However, no systematic studies of the microstructure of these alloys have been reported. Thus the purpose of the present investigation is to establish some of the microstructure-property relationships in Fe-Cr-Co alloys resulting from a series of heat treatments (isothermal aging, thermomagnetic treatment., and step-aging). Since the microstructural changes occur ·on such a fine scale~ transmission electron microscopy must be employed for characterization. ( 4 ) • " v .. The alloy was melted .in an induction furnace from 99.9% electrolytic iron, 99.9% electrolytic chromium and 99.9% cobalt. Chemical analysis ..
verified that the final alloy was within_l% of the desired composition.
The ingot was then placed in a quartz tube, homogenized for one day at \ 1300°C and quenched into water. Slices, 0.5 mm thick, were cut and solution treated at 1300°C for 30 lJlin under argon atmosphere in a vertical resistance furnace. Specimens were then quenched from 1300°C into iced brine at a rate of over 100°C/sec to avoid y or a phase formation.
The changes in microstructure, volume fraction of phases and wavelength (interrod spacing)_were established by electron microscopy and diffraction, including high resolution lattice imaging, ~4 )and the utilization of laser optical diffraction. ( 5 ),( 6 ) Electron microscopy disc specimens were thinned in an automatic jet polisher using an electrolytic solution of 23% perchloric acid and 77% acetic acid. The composition fluctuations were deduced by measuring the Curie temperature of the decomposed Cr-rich phase (a 2 ). (
)
Since the Curie temperature of the a 1 phase is approximately 900°C, (B) measurements well below 900°C can be directly rela,ted to the composition of the a 2 phase. The magnetization as a function of temperature was measured with a magnetic balance while the specimen was heated at a rate of l0°C/min.
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RESULTS

A.
Isothermal Aging
The series of bright field microg~aphs shown in Fig. 1 were taken from the alloy aged for 1 hr at 680°C, 670°C, 660°C, and 650°C, respectively.
The phase with bright contrast is identified as the a 1 phase, the phase with dark contrast as the a 2 phase. These micrographs reveal that the miscibility gap of the alloy is below 670°C, and also show that the morphology of the aged microstructure is very sensitive to the aging temperature. At the lower aging temperatures the dispersion is finer and the two phases more interconnected, and have rod-like shapes.
The microstructures shown in Fig. 2 were obtained from the alloy· aged at 640°C for 3 min, 20 min, 2 hr, and 20 hr. The decomposition process appears to be isotropic in the alloy and is associated with halo-type diffuse satellites in the corresponding diffraction pattern as shown in 2) that the a 2 phase developed during aging at 600°C is nonmagnetic at -6-room temperature, but is magnetic after aging at 640°C or 620°C. These results illustrate the sensitivity of the properties to aging temperature which means· precipitate composition and morphology.
B. as that marked M in Fig. 9 . It is believed that in these areas particle alignment is highly affected by the elastic constraints of the matrix, since elastic strain energy minimization favors a (100) particle growth direction.
Therefore the exact direction of alignment within these regions is deter- 2 ) The a 2 phase is magnetic at room temperature just after the thermomagnetic treatment, but it becomes nonmagnetic.
after step-aging. Therefore, the increase in coercivity during step-.
aging is believed to be associated with a change in composition of the two phases, resulting in an increase in the difference between the magnetization intensities of the two phases.
• Stepaging produces a beneficial microstructure, viz., the elongated ferromagnetic a 1 phase imbedded in the paramagnetic a 2 phase. The increase in coercivity by step-aging is found to be associated with a change in composition of the two decomposed phases, the morphology of the iron-rich phase remaining unchanged. 
